In this short review some aspects of applications of free electron theory on the ground of the Fermi statistics will be analyzed. There it is an intention to attempt somebody's attention to problems in widespread literature of interpretation of conductivity of metals, superconductor in the normal state and semiconductors with degenerated electron gas. In literature there are many cases when to these materials the classical statistics is applied. It is well known that the electron heat capacity and thermal noise (and as a consequence the electrical conductivity) are determined by randomly moving electrons, which energy is close to the Fermi energy level, and the other part of electrons, which energy is well below the Fermi level can not be scattered and change its energy. Therefore there was tried as simple as possible on the ground of Fermi distribution, and on random motion of charge carriers, and on the well known experimental results to take general expressions for various kinetic parameters which are applicable for materials both without and with degenerated electron gas. It is shown, that drift mobility of randomly moving charge carriers, depending on the degree degeneracy, can considerably exceed the Hall mobility. Also it is shown that the Einstein relation between the diffusion coefficient and the drift mobility of charge carriers is valid even in the case of degeneracy. There also will be presented the main kinetic parameter values for different metals.
Introduction
In this review it is an attempt to call somebody's attention to some problems of conductivity interpretation of metals, normal superconductors and semiconductors with degenerated electron gas. Every experimenter knows that conductivity of homogeneous materials can be defined by free randomly moving charge carrier (electron) density and by their drift mobility. They also know that electrons obey the Pauli principle and that electrons are described by the Fermi-Dirac statistics. The latter principles let to ones explain the experimental results of the heat capacity of electrons in metals [1] [2] [3] [4] [5] [6] [7] [8] . The main conclusions of these investigations were that randomly move only the small part of electrons, which energy is close to the Fermi level, and that electrons, which energy is well below the Fermi level, can not be scattered and change their energy E because the Fermi distribution function f(E) = 1. It is very strange that till now (during about 80 years) in many books [1] [2] [3] [4] [5] [6] [7] [8] for solid state physics in expression for conductivity of metals and for superconductors in the normal state [9] [10] [11] [12] [13] the total density of free electrons is included. On the other hand, it is well also known that the thermal noise due to random moving of electrons is completely described by the real part of conductance (Nyquist formula) [14, 15] . Thus, electron heat capacity and thermal noise of metals unambiguously show that in all kinetic phenomena take place only that part of free electrons, which energy is close to the Fermi level, because only these electrons can change their energy under influence of external fields. There are many questions: how from measurement of the Hall effect of metals we can get the total density of free electrons, how find the density n eff of randomly moving electrons, their diffusion coefficient D and drift mobility  drift , the Fermi energy E F , velocity of electrons v F at the Fermi level, the length of the free pass? These problems are very important for every researcher of solid state materials, especially of superconductors in the normal state and semiconductors with very high doping level. In this work, we try to present the answers to these questions and other related problems.
This expression in comparison to Equation (2) can be named as effective density of randomly moving charge carriers. The Equation (6) unambiguously shows that conductivity in all cases is determined by the effective density of randomly moving charge carriers (Equation (7)), but not by the total free electron density in the conduction band (Equation (2)). The total free electron density for determination of conductivity can be used only for materials with non-degenerated electron gas.
Thus, the conductivity (Equation (6)) can also be presented as
where  drift is the drift mobility of randomly moving charge carriers in homogeneous materials with one type of charge carriers (electrons or holes). From this general relationship (Equation (8)) we get the Einstein's relation
This expression is true for both degenerated and nondegenerated homogeneous materials with one type of free randomly moving charge carriers (for electrons or for holes). The same conclusion also follows from the thermal noise investigations. The spectral density of the current fluctuations of the thermal noise at low frequencies   1 2π f  , here τ is the relaxation time of charge carriers) can be presented as [14, 17, 18] 
where R is the resistance of the sample of the test material; A and L are respectively the cross-section and the length of the sample. This relation is right for all homogeneous materials at equilibrium state. The equalities of Equation (10) also can be obtained from the general Kubo formula for conductivity [2, 15]    
i.e. in general the conductivity is defined by the correlation function on time
j t j  of the current density fluctuation due to random motion of charge carriers. Considering the Wiener-Khintchine theorem and the dis-
means that only such electrons can be scattered and change its energy for
Illustrations of Equations (1), (2) and (7) are presented in Figure 1 . From this figure it is clearly seen that the effective density of randomly moving electrons n eff (7) is many times smaller than the total density of free electrons n. Now let ones to evaluate the Equation (7). For non-degenerated materials the probability , because , and, therefore, all electrons in the conduction band n participate in the random motion and in the conduction process
This is the case where the classical statistics is applicable.
In the case of high degeneracy and considering that Equation (12) has a sharp maximum at the energy E equal to the chemical potential , the Equation (7) can be written as
where
The chemical potential  and the Fermi energy E F are related by the following relation [5] 2 1 π 1 3 2
and the difference between these quantities is only about 0.01% even at room temperature. So, in many cases for calculation of different quantities ones use the Fermi distribution function in the following form
The density of states at Fermi energy   F g E can be determined from of the experimental results of the electron heat capacity [5, 6] 
and Thus, on the ground of experimental results of the conductivity and the electron heat capacity we can evaluate the diffusion coefficient D (from Equation (21)) and drift mobility drift  (from Equation (8) or (9)) for randomly moving charge carriers in materials with highly degenerated electron gas. The calculated results for different metals at T = 295 K are presented in Table 2 .
Thus, for metals and other materials with high degenerated electron gas
The diffusion coefficient usually also is determined by the average of square velocity of charge carriers and by their average relaxation time (for metals free pass time) i.e. n eff is proportional to temperature. Experimental results of conductivity and electron heat capacity and calculated effective density n eff of randomly moving electrons from the Equation (20) at T = 295 K for different metals are presented in Table 1 . The ratio eff n n obviously shows that n eff amount in the total free electron density n is about a few percents and smaller. From Equation (20) it is seen that the effective density of randomly moving charge carriers n eff is completely defined quantity for materials with high degeneracy of electron gas and can be simply obtained from electron heat capacity measurements.
For highly degenerated electron gas
i.e. the diffusion coefficient is determined by the square velocity and free pass time of randomly moving charge carriers at the Fermi level. From the Equations (21) and (23) follows that conductivity From Equations (8) and (20) for highly degenerated materials we obtain that diffusion coefficient of randomly moving electrons Conductivity and electron heat capacity data are taken from books [5, 6, 7, 19] . Conductivity and n eff are presented for T = 295˚ K. The data for calculation at T = 295 K were used from Table 1 . The data of Tables 1 and 2 give the very clear view, why some of metal conductivity is larger than other one. For example, the effective density of randomly moving charge carriers n eff of Pb is about two times larger than one of Au, but the conductivity of Au is about ten times larger than that of Pb. It is because the Fermi energy of Au is about twenty times larger than that of Pb, and, as a consequence, the drift mobility of randomly moving charge carriers in Au is about twenty times higher than one in Pb.
This expression is well known for metals and is obtained by solving the kinetic equation [2, 3] .
The correctness of presented diffusion coefficient and drift mobility values in Table 2 also follows from the electron heat conductivity for randomly moving electrons in metals [1- 
From Equations (24) and (25) one obtains the well known Wiedemann-Franz law 2 2 π 3
The diffusion coefficient calculated from Equation (25) gives the same results as from Equation (21 
and now
Drift Mobility of Randomly Moving Charge Carriers and Conductivity of Homogeneous Materials with Highly Degenerated Electron Gas
From Equations (9) and (22) follows that drift mobility is the average kinetic energy of randomly moving charge carriers. Thus, the Equation (29) is the general relation for drift mobility of randomly moving charge carriers in homogeneous materials with one type of charge carriers (electrons or holes). This relation is true for degenerated and for non-degenerated materials, including metals. The Equation (28) shows that drift mobility of randomly moving electrons in materials is proportional to the square of the electron random velocity, i.e. the electrons with high random velocity contribution into conductivity is larger than that of slow electrons. The factor   
but for highly degenerated semiconductors, metals and superconductors in the normal state
i.e. the drift mobility (Equation (30)) of random moving charge carriers in metals at room temperature in many cases is about a hundred times larger (see the ratio F E kT values in Table 2 ) than it follows from the classical Equation (32). From the Equation (29) follows that the drift velocity drift of electrons in the electric field E can be presented as
A very important behavior of electrons in materials follows from this expression: the drift velocity of electrons in the electric field E is proportional to the square velocity of randomly moving electrons. This result in principle can not be explained by application of Newton's law for calculation of acceleration of electrons in the electric field E in materials.
From the Equations (8) and (30) follows that the general expression for conductivity   
Hall Mobility and Its Comparison with the Drift Mobility
Now compare the obtained drift mobility results with that from the Hall effect measurements. On the ground of the Hall effect for highly degenerated materials the Hall mo-
where H y E is the Hall electric field strength in y direction perpendicular to the current flow direction; x E is the applied external electric field strength in x direction; is the Hall factor, which depends on charge carrier scattering mechanism, but for high degenerated charge carriers
From Equation (37) it is seen that Hall mobility is determined by average relaxation time of electrons at Fermi level.
According to investigations in the work [21] , for all homogeneous metals and highly degenerated semiconductors the charge carrier relaxation time at Fermi level at room temperature is general and equal , while the drift mobility depends also on the kinetic energy of the random moving charge carriers. Now from Equation (23) or from Equation (24) , the latter obtained values are close to experimental data [22] .
Usually for evaluation of the Fermi energy it is considered that Fermi surface is spherical, i.e. [5, 15] 
But for many metals and superconductors in normal state the density of states has composite view ( Figure  1(b) ), and there is no definite relation between the total density of charge carriers n and the Fermi energy E F . So, as it was mentioned above in order to evaluate the Fermi energy the sure way is from Equation (24) to find the electron velocity at the Fermi level v F and than the Fermi energy E F .
The obtained mobility results clearly show that for high degenerated materials the drift mobility can tens or hundred times be larger than the Hall mobility.
From Equations (37) and (38) the conductivity and Hall mobility for metals are related with the following expression eff 2 3
Thus, the charge carrier density in highly degenerated materials, determined by using the Hall mobility eff eff 2 3
The charge carrier density n H obtained from Hall effect measurements only in particular cases is equal to the total free charge density for metals with spherical Fermi surfaces, but even in these cases the factor   characterizes not the charge density, but the drift mobility. For multivalent metals and superconductors in the normal state with composite density of states dependency on energy there is no definite relation between n and n H . Equation (14) shows that the randomly moving charge carrier density eff in high degenerated materials is not constant but is proportional to the temperature and the relaxation time close to room temperature 

. Hence, one can be very careful in the interpretation of the Hall effect and conductivity measurement results. For example, there are many strange interpretations of charge carrier density and drift mobility of superconductors in the normal state from Hall effect and conductivity temperature measurements [9] [10] [11] [12] [13] .
Considering that Pauli principle and Fermi distribution is known over 80 years, and knowing that only the electrons, which energy is close to the Fermi energy, can be scattered and can change their energy and take part in random moving and in kinetic processes, it is strange that till now in many books of solid state physics the conductivity of metals and superconductors in the normal state is presented in the form of classical expression (Equation (36)? As it is presented in Tables 1 and 2 sometimes the charge carrier density of metals obtained from Hall measurement n H is close to the total density of electrons n, and the conductivity is near to experimental results, but for multivalent metal there is no such coincidence. This conductivity expression gives the increased values of randomly moving charge carriers and decreased values of their drift mobility. Sometimes these two errors compensate one other. In spite of these coincidences the expression (Equation (36)) for metals from the view of the Pauli principle and the Fermi statistics is completely wrong, because the electrical field has no effect to electrons, which are well below the Fermi level.
Conclusion
In this review it is tried to call somebody's attention to problems of conductivity interpretation of metals, normal superconductors and degenerated semiconductors. It is shown that application of classical statistics for these materials in many cases gives the colossal errors in determination of their parameters. On the ground of the Fermi distribution and on the random motion of charge carriers there are presented the general expressions for effective density of randomly moving charge carriers, their diffusion coefficient and drift mobility, and conductivity which are correct for materials without degenerated electron gas, and materials with any degree of degeneracy of electron gas. There also it is presented the approximations of these expressions for materials without degenerated electron gas (classical case), and for materials with high degeneration of electron gas (metals, normal superconductors, highly degenerated semiconductors). The real values of effective density of randomly moving electrons, their diffusion coefficient and drift mobility there are presented for different metals at first time. These parameters were obtained by using the well known conductivity, electron heat conductivity and thermal noise measurement results. There also it is presented the comparison between the Hall and the drift mobility of randomly moving charge carriers, and explained their differences in the case of high degeneration of electron gas. There also is evaluated the Fermi level energy and velocity of electrons at the Fermi energy level for different of metals.
